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Abstract

Introduction: The rapid adoption of smartphones, especially
in low- and middle-income countries, has opened up novel
ways to deliver health care, including diagnosis and man-
agement of burns. This study was conducted to measure ac-
ceptability and to identify factors that influence health care
provider’s attitudes toward m-health technology for emer-
gency care of burn patients.

Methods: An extended version of the technology acceptance
model (TAM) was used to assess the acceptability toward using
m-health for burns. A questionnaire was distributed to health
professionals at four hospitals in Dar Es Salaam, Tanzania.
The questionnaire was based on several validated instruments
and has previously been adopted for the sub-Saharan context.
It measured constructs, including acceptability, usefulness, ease
of use, social influences, and voluntariness. Univariate analy-
sis was used to test our proposed hypotheses, and structural
equation modeling was used to test the extended version of TAM.
Results: In our proposed test-model based on TAM, we found
a significant relationship between compatibility—usefulness
and usefulness—attitudes. The univariate analysis further re-
vealed some differences between subgroups. Almost all health
professionals in our sample already use smartphones for work

purposes and were positive about using smartphones for burn
consultations. Despite participants perceiving the application
to be easy to use, they suggested that training and ongoing
support should be available. Barriers mentioned include access to
wireless internet and access to hospital-provided smartphones.

Keywords: emergency medicine/teletrauma, m-health, tech-
nology, telemedicine

Introduction
he cost of smartphones relative to their usefulness
and ease of use has spawned an interest in these
devices in health care, especially in resource-poor
countries." Being equipped with large screens and
cameras makes smartphones particularly useful in specialties
with a prominent visual component,”* such as acute burn
care.*”® In fact, smartphones are already used by health pro-
fessionals for burn care, not only to discuss patient findings
via text and voice calls but also by image or video exchange.””’
Studies have demonstrated that burns specialists can effec-
tively diagnose burns by viewing images or video of the burn
sent by the frontline provider.®® Two studies from South
Africa describe their experience using WhatsApp to discuss
referrals between health centers and specialist burns units:
in Cape Town, the use of WhatsApp reduced unnecessary
referrals and outpatient visits,> while in Durban, not only did
it reduce unnecessary referrals but it also changed management
in two-thirds of patients.6 However, there are some drawbacks
to using commercial chat services, not least of which are the
privacy and informed consent.'®!" The information sent via
these apps may also be hard to incorporate into existing elec-
tronic medical record systems.'' An alternative would be to
develop communication apps that address these issues. How-
ever, before implementing a new technology involving a new
way of working, user acceptance should be evaluated.
Technology acceptance is referred to as an individual’s
intentional or voluntary use of a technology.'” Adoption of
new technologies is influenced by an individual’s attitudes
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young children.?® In addition, Tanzania lacks
dedicated burns units, and therefore, severe
cases are often managed in the surgical ward or
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of trained staff in burn care as well as lack of
medical equipment and medications to treat
burns.?® While m-health technology cannot

Fig. 1. Technology acceptance model by Davis (1989).

toward the technology.'” Attitude refers to the degree to
which a person forms positive or negative perceptions about a
particular behavior.'? This correlation between attitude and
intention has been extensively validated in studies on the
adoption of various technological products.'®'> Several the-
ories have been proposed to explain why individuals choose to
use new technologies. The first theory developed to explain
users’ intention to use (or to reject) new technologies was
the technology acceptance model (TAM).'? TAM (Fig. 1) was
adapted from the theory of reasoned action, which explains
behavior as a result of beliefs toward this behavior.'> TAM
posits that usage is predicted by a user’s behavioral inten-
tion (BI), which is influenced by attitudes toward this be-
havior. Users form their attitudes depending on the perceived
usefulness and perceived ease of use of the new technol-
ogy. Perceived usefulness also has a direct influence on BI'?
Furthermore, the influence of perceived ease of use on atti-
tudes has been shown to be weak and instead influences
attitudes through perceived usefulness.'® Other factors af-
fecting attitudes and subsequently intention to use are, for
example, compatibility, image, voluntariness,'” self-efficacy,
anxiety,'® and facilitating conditions."®

In this study, we focus on the attitudes toward using m-
health technology for the diagnosis and management of pa-
tients with burns in a resource-constrained setting. According
to the latest Global Health Estimates study, in 2016, burns
were responsible for 153,000 deaths,?® and it is estimated that
10 million disability-adjusted life years are lost due to burns
each year.21 In addition, the vast majority of these burns (94%)
occur in low- and middle-income countries (LMIC)*° where
specialist burn care is often limited or nonexistent.”>** Pro-
viding timely and appropriate burn care is essential to mini-
mize complications, and reduce morbidity and mortality.**
While there has been a downward trend in burn mortality
worldwide since the turn of the century, death as a result of
burns has increased in the African WHO region.”® According
to Global Health Estimates, Tanzania has one of the highest
rates of burn injury death in the world, especially among

2 TELEMEDICINE and e-HEALTH MONTH oooo0

solve these problems alone, it can support the

coordination and utilization of the existing

human, material, and financial resources. Con-
sequently, the aim was to identify factors that influence health
care provider’s attitudes toward m-health technology for
emergency burn care. A secondary aim was to assess if these
factors differ depending on age, sex, type of facility, burn care
experience, and occupation.

Materials and Methods

The study was a cross-sectional questionnaire-based sur-
vey of health providers working in the emergency department
and who are involved in the management of burn patients.

THE VULA APPLICATION

The smartphone application (app) of interest for this study is
the Vula medical referral app for burn referrals. The purpose
of the app is for clinicians to quickly document patient and
clinical information, send the information to a burns spe-
cialist who will reply with management and referral advice.
The interface contains a structured form for the user to fill out
information such as patient and injury data (Fig. 2, screenshot
1), and a drawing feature where the user can depict burn
surface and depth (Fig. 2, screenshot 2). This will also calculate
the surface of the burn as well as required fluids based on the
Parkland formula (Fig. 2, screenshot 3). An important feature
is also the possibility to take and send photos of the burn
injury and to add additional comments and questions (Fig. 2,
screenshot 4). When a referral has been sent, a chat func-
tion within the app allows the referring clinician and the
consultant to further communicate. The usability of the app
has been previously evaluated with South African users, both
emergency doctors and burns specialists.?” In another study
by Blom et al., South African burns and emergency care
specialists believed the app would streamline the diagnostic
process, improve both triage and referrals, and be a more secure
option for remote diagnosis compared with current practices.*®

SETTING AND PARTICIPANTS

The study was conducted at Muhimbili National Hospital,
and in three regional referral hospitals: Temeke, Amana, and

MARY ANN LIEBERT, INC



MHEALTH FOR BURN INJURY CONSULTATIONS
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Fig. 2. Screenshots from the Vula app. Color images are available

Mwananyamala Regional Referral Hospitals in Dar Es Salaam,
Tanzania. The target population of the study was health
providers working in the emergency departments at the four
facilities. These included doctors, nurses, health attendants,
assistant medical officers, clinical officers, and medical
students.

DATA COLLECTION

A questionnaire was distributed to the participants during
working hours to fill out and participation was voluntary.
Participants were given a short introduction to the purpose of
the study and the functionality of the app. The questionnaire
was adapted from Kifle et al.,*® and included 49 questions
measuring 11 different constructs. Their definitions and the
full set of questions are presented in Table 1. The wording of
the original items was adapted to reflect the technology,
task, and context of this study. Variables were measured on a
7-point Likert scale ranging from 1="strongly disagree” to
7 ="“strongly agree.”

DATA ANALYSIS

To explain the intention to use a smartphone app for burn
care, different constructs based on theories from technology
acceptance and behavioral change were included. Table 2
presents the proposed hypotheses. We used structural equa-
tion modeling (SEM) to test the hypotheses presented in
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Table 2 and to examine the model proposed by Kifle et al.*®

SEM is a multivariate statistical analysis technique that is
used for analyzing structural relationships between measured
variables and latent constructs. We also performed multigroup
SEM analyses for the univariate hypotheses, with groups be-
ing men/women, referral/referring, age group (24-29/30+),
doctor/nurse, and self-rated burn care experience. In these
analyses, the item loadings were constrained to be similar for
the two categories being tested. All analyses were performed
using Stata 13.

ETHICAL CONSIDERATIONS

The study was approved by the National Institute for
Medical Research, and the Office of the Director of Research
and Publications at Muhimbili University of Health and Allied
Sciences. Permission was also sought from the administration
of each of the participating hospitals. Participation was vol-
untary, and written consent for participation was obtained
for each health worker.

Results
ATTITUDES TOWARD THE SMARTPHONE APP

Fifty-nine respondents were included in the analysis. All
except three owned smartphones. Smartphones were used for
several purposes, including looking up information on
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Table 1. Constructs, Definitions, and Measurement Items

CONSTRUCT

MEASUREMENT ITEM

Perceived ease of use (Davis)'? TAM [The degree to (1) Learning to operate a smartphone would be easy for me
which a person believes that using a particular system ) ) . f
wouldlbe free of effort] () Learning to operate an app like this would be easy for me
()] It would be easy for me to become skillful at using such an app
(4) My interaction with an app like this would be clear and understandable
Perceived usefulness (Davis)'? TAM [The degree to (5) Using an app like this could improve the care | give to my patients
which a person believes that using a particular system l ;
would enhance his or her job performance] (6) If | were to use the app | could see more patients in the emergency room
() Using an app like this would increase my efficiency
(8) This app would be an improvement in the area where | see most of my patients
(e.g., emergency room)
9) | ' would find an app of that kind useful in my job
(10) Using such an app would enable me to accomplish some tasks more quickly
Compatibility (Moore and Benbasat)'” IDT [The degree (11) Using an app like this would be compatible with most aspects of my work
to which an innovation is perceived as being consistent | think th - ke thi d f | with th ™ 3
with the existing values, needs, and past experiences of (12 think that using an app like this would fit well with the way | like to wor
potential adopters]
Image (Moore and Benbasat)'” IDT [The degree to which (13) If | were to use such an app | would gain more prestige among my peers
use of an innovation is perceived to enhance one's ) -
image or status in one's social system] (14) Using such an app would be a status symbol in my department
(15) People in my organization who would use an app of that kind would have more
prestige than those who do not
Self-Efficacy (Compeau and Higgins)'® IDT [Judgment | could use the app...
of one's ability to use a technology to accomplish a .
particular job or task] (16) ..If I 'had used similar apps before
(17) ..Even if | had never used an app like it before
(18) ..If I only had the built-in "help" function for assistance
(19) ..Even if there was no one around to tell me what to do as | go
(20) ..If I had seen someone else using it before
(21) ..If someone showed me how to use the app beforehand
(22) ...if | had a lot of time to use the application
Voluntariness (Moore and Benbasat)'” IDT [The degree (23) The department head does not require me to use apps like this
to which use of the innovation is perceived as being Althouah it miah eloful. usi ke this - | -
voluntary, or of free will (24) t oug it might be helpful, using an app like this is certainly not compulsory in
my job
Behavioural intention to adopt (Fishbein and Ajzen)30 (25) | intend to use an app like this when it becomes available
TPB [An individual's positive or negative feelings ) ) ) . . )
(evaluative effect) about performing the target (26) Over the ensuring months (if possible) | plan on experimenting with the app
behavior] (27) Over the ensuring months (if possible) | plan to regularly use such an app
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MHEALTH FOR BURN INJURY CONSULTATIONS

Table 1. Constructs, Definitions, and Measurement Items continued

CONSTRUCT

MEASUREMENT ITEM

Anxiety (Compeau and Higgins)'® IDT [Evoking anxious (28) | 'am concerned about possible liability issues associated with the use of this app
or emotional reactions when it comes to performing i ) } ) ) )
; (29) | do not like the loss of personal contact associated with using apps like this
a behavior]
(30) More research is needed on the effectiveness of apps like this before | would refer
patients using the app
(31) If additional credentialing and licensure procedures were required that would
discourage me from using apps like this
(32) | think an expert can adequately make an assessment of the patient when not being
physically present
(33) | feel apprehensive about using an app like this
(34) It scares me to think that | could lose a lot of information using such an app by
hitting the wrong button
(35) | hesitate to use such an app for fear of making mistakes | cannot correct
Social influences (Fishbein and Ajzen)*° TPB [The (36) People who influence my behavior may think that | should use an app like this

person's perception that most people who are

important to him think he should or should not perform (37) Pelople who are important to me at work may think that | should use an app like
the behavior in question] i
(38) The senior management of this facility will be helpful in the use of such an app
(39) In general, the facility management will be supportive of the use of an app of this
kind
(40) In general, the district health services management will be supportive of the use of
such an app
Facilitating conditions (Thompson et al)'® TPB (41) | have the resources necessary to use such an app
[Objective factors in the environment that observers h he k led ke thi
agree make an act easy to accomplish. For example, (42) Ee ine haowiiilgle MESSSRY W LS & Egp e s
provision of support for users of personal computers] (43) An app like this is not compatible with the way we work
(44) A specific person (or group) should be available for assistance with difficulties
concerning an app like this
Attitude toward a behavior (Fishbein and Ajzen)*® TPB (45) Using an app like this for burn emergency care is a good idea
[An individual's positive or negative feelings (evaluative - - i i i
effect) about performing the target behavior] (46) Using an app like this where | work is a good idea
(47) An app like this would make work more interesting
(48) Working with such an app would be fun
(49) | 'would like working with such an app

TAM, technology acceptance model; IDT, innovation diffusion theory; TPB, theory of planned behaviour.

diagnosis and drug dosage, medical reference and calculation
apps, communication and data collection. Most indicated that
they had either moderate or extensive experience in burn care.
The participants rated high on concepts such as usefulness,
attitude, and BI, suggesting that they were positive toward
using the app (Table 3). Cronbach’s alpha was used to test
reliability and was found to be satisfactory for all (above 0.70)
constructs except compatibility, self-efficacy, voluntariness,
anxiety, and facilitating conditions. Characteristics of the
participants are presented in Table 4.

MARY ANN LIEBERT, INC e VOL. 00

TEST OF HYPOTHESES

Table 5 shows the proposed hypotheses by gender, type
of facility, age, profession, and experience in burn care. We
found correlations between 8 of the 11 proposed hypotheses:
CO-PU, PEOU-PU, IM-ATT, SI-ATT, ANX-ATT, PEOU-ATT,
PU-ATT, and ATT-BI. When we tested if there were any dif-
ferences between gender, type of facility, between doctors and
nurses, and their experience in burn care, we found differ-
ences between men and women in PU-ATT, and between re-
ferral and referring hospitals in the constructs CO-PU and
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Table 2. Hypotheses Included in the Analysis

Table 4. Descriptive Statistics of Study Sample (n=59)

HYPOTHESIS DEFINITION CHARACTERISTICS N (59) (%)
H1 Computer self-efficacy is positively related to their Gender
erception of ease of use of the a
FEIESE &R Male 21 (35.6)
H2 Facilitating conditions are positively related to their
attitude toward the app Fenle 38 (64.4)
. . . . Facility
H3 Perceived compatibility is positively related to their
perception of the usefulness of the app Referral 30 (50.8)
H4 Perceived ease of use of the app is positively related Referring 29 (49.2)
to their perception of its usefulness
Occupation
H5 Image is positively related to their attitude toward
the app Ph\/SiCian 28 [491]
Hé Voluntary use of the app is positively related to their Nurse 21 (36.8)
attitude toward the app Other health profession? 8 (14.0)
H7 Social influences are positively related to their attitude
Smartphone use
toward the app
. ) . Yes 56 (94.9
H8 Anxiety toward the use of the app is negatively related (949)
to their attitude toward the app No 3 (5.1)
H9 Perceived ease of use of the app is positively related Experience in emergency care
to their attitude toward the app
<1 year 5(10.2)
H10 Usefulness of the app is positively related to their
attitude toward the app 2-3 years 17 347)
>3 years 27 (55.1)
Burn experience
None 0 (0.0)
Minimal 3 (5.8)
Moderate 34 (65.4)
Extensive 15 (28.8)

Table 3. Number of Items, Item Mean, and Reliability
Statistics (Cronbach's Alpha) of Each Construct

CRONBACH'S
CONSTRUCT ALPHA
Perceived ease of use 4 6.44 0.89
Perceived usefulness 6 6.16 0.89
Compatibility 2 6.03 0.53
Image 3 5.44 0.93
Self-efficacy 7 3.84 0.58
Voluntariness 2 3.49 0.60
Bl to adopt 3 5.87 0.87
Anxiety 8 4.40 0.48
Social influences 5 5.18 0.80
Facilitating conditions 4 441 0.10
Attitude toward using technology 5 6.38 0.86
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®Medical students, health attendants, clinical officers, and assistant medical
officers.

IM-ATT. Because of the small sample size, many constructs
did not converge in the analysis.

TEST OF THE PROPOSED MODEL

The results from testing our modified version of the pro-
posed model by Kifle et al. can be found in Figure 3. We found
significant correlations between Compatibility—Perceived use-
fulness and Perceived usefulness—Attitude.

COMMENTS FROM PARTICIPANTS

The most common remarks were related to facilitating
conditions such as access to wireless internet within the
hospital, training on how to use the app, and that smartphones
or tablets should be provided by the hospital. There were also
concerns about the privacy issues using the app, especially

MARY ANN LIEBERT, INC
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Compatibility
(o)

770 (.723)**

Perceived
usefulness
(PU)

Facilitating
conditions
(FO)

.230(.323)

-.544 (-.388)

Perceived ease
of use
(PEOV)

-.072(-.120)
Self efficacy
(SE)

.218(.186)

031 (.046) 304°(.234)

.828 (.503)*

-.048 (-.071) 121 (1.40)

Social
influence
(S

Voluntariness
(VO)

Fig. 3. Hypothesis model *significant at 0.05 and **significant at 0.01.

when taking images of patients. The users were only briefly
introduced to the app and its functionality, but still had
comments about features or information that they thought
should be in the app.

Discussion

The usefulness of a technology has been found to be one of
the strongest predictors of technology acceptance.>** Our
results show that the participants believed that the system
would be very useful and that using the app would enhance
their ability to provide better care to patients with burns and
doing so in a more efficient manner. According to our results,
the vast majority of the participants reported moderate or high
experience in burn care. Bearing in mind that burn injuries are
commonly seen at these hospitals, this finding is unsurprising.
There are also difficulties to provide quality care in this set-
ting due to lack of resources such as dressing materials and
also lack of personnel, lack of training in burn care, and
poor teamwork.*® We also found that the correlation between
usefulness and attitudes was stronger for women. However,
this result has to be interpreted with caution, since there might
be other confounding factors that we were unable to adjust for
due to the small sample size. Still, research on the role of
gender has shown that gender is an influencing factor in
technology acceptance, where men are more adept users of
technology information systems.**

8 TELEMEDICINE and e-HEALTH MONTH oooo0

Color images are available online.

The participants were only briefly introduced to the app but
still had comments about features that should be included.
This highlights the importance of engaging all indented users
before development and implementation to make a product
that users find useful.

In addition, there was a significant relationship between
compatibility and perceived usefulness of the app, meaning that
using an app for burn consultations was seen to be compatible
with the way health workers like to work. First, the high number
of patients with burn injuries indicates that there is a need for
consultation support which the app offers. Second, almost all of
the participants owned a smartphone and said they already used
it for work purposes, which suggests that they would also use
their smartphone for burn consultations.

In line with previous studies, we found a positive correla-
tion between perceived ease-of-use and usefulness.'®** Per-
ceived ease of use of a new technology has been found to
influence attitudes and BI, however, this correlation is often
weaker than the influence of perceived usefulness on atti-
tude.>”?> Many studies have found that ease of use does not
directly affect attitudes or BI but is mediated through per-
ceived usefulness.>”> However, even if a technology is thought
to be useful, it also needs to be easy to use to be useful.
However, while the app in this study specifically targets burn
injuries, with specific functionalities related to burns, there
are other ways of performing the same task that may be
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perceived as easier, such as calling, e-mailing, or sending a
text message. A study from Cape Town suggests that What-
sApp is preferred because of its ease of use.” However, Nikolic
et al. raise the concern that the widespread use of WhatsApp
may hinder the introduction of other apps for communication
in health care.’® Therefore, ease-of-use becomes highly rele-
vant when developing applications such as the one described
in this study.

In addition, facilitating conditions is an important factor,
especially in resource-limited settings. Facilitating conditions
measure the users’ perception regarding the support and
necessary infrastructure to use the new technology. We did
not find support for the hypothesis that facilitating conditions
is related to the perceived as ease of use of the app. While
the app was perceived useful and easy to use, factors in the
Tanzanian context may hinder its use. For example, access to
reliable internet connections was the most frequent comment
among users followed by the need for training, which are both
facilitating conditions.

The relatively low score on the construct “self-efficacy”
indicates that the participants may not feel very comfortable
using the app without proper training and familiarization of
the app. Furthermore, while most users in our sample reported
owning a smartphone, some mentioned that smartphone
ownership might still be a barrier. These concerns were also
reflected in the question “I have the resources necessary to use
such an app” where almost half of the participants rated this
item somewhere between neutral and strongly disagree. Al-
though no participants explicitly mentioned the cost of us-
ing the app, health workers might be reluctant to use their
own devices due to the cost of the data. A study from Malawi
and Ghana raises the concern that the cost of “informal
m-health” is mainly borne by the health workers them-
selves.’” The implication of this is that different barriers to
successful implementation have to be recognized at an early
stage.

ADDITIONAL FACTORS INFLUENCING ACCEPTABILITY

Despite being frequently used, the TAM has been criticized
for its limited explanatory and predictive power as well as
practical value. This has led to several iterations and exten-
sions of the original model with added constructs that are
thought to capture other explanatory factors. We examined
several factors and their influence on attitude: image, social
influence, anxiety, and voluntariness.

The construct image, that is, the degree to which use of an
innovation is perceived to enhance one’s image or status in
one’s social system,'” was found to be positively correlated
with a positive attitude toward the app, and this correlation
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was significantly stronger among referring hospitals. These
differences could not be explained by gender, profession, age,
or other variables. We can only speculate why the partici-
pants thought the app would increase their status and image.
However, it might not have to do with the use of the app itself
but rather being given a tool to carry out the task of manag-
ing burns in a proper way. A study from Uganda found that
village health workers using a teleconsultation system for
maternal and newborn care felt recognized as important
stakeholders.?®

We also found that social influence was positively corre-
lated with their attitude toward the app. For a physician or
nurse, social influence to use a new technology might come
from the patients and their families, coworkers, managers, or
governing bodies. A study from rural Bangladesh found that
“social reference,” that is, when people are influenced by
important peers, had the strongest impact on attitudes toward
e-health.?® In our study, there were no differences between
referral and referring hospitals in how much social influence
affected attitudes. However, the correlation was stronger
among women compared with men, and for nurses compared
with physicians, but did not reach significance (p 0.07 and
p 0.07, respectively). The notion that women are more affected
by social influence has been suggested earlier by Venkatesh
and Davis.*® This finding also has implications for successful
implementation. In a systematic review of adoption of infor-
mation and communication technology (ICT) in health care,
they suggest to identify and support key staff to lead and
encourage the use of a new ICT.>’

While the app is meant to facilitate diagnosis and man-
agement of care of patients with burn, there are several other
problems in the Tanzanian setting that hinders the delivery of
adequate care. For example, a study of the implementation of
a burn course in Tanzania found that health workers faced
several issues in burn care such as lack of appropriate dress-
ing, lack of training in burn care, problems with detecting
infections, as well as maintaining a sterile environment.?®
This is, unfortunately, the reality in many LMIC where many
hospitals are capable of initial burn management and ba-
sic resuscitation but lack the capacity to provide advanced
burn care.*”

STRENGTH AND LIMITATIONS

The strengths of this study include a diverse sample, both in
terms of professional background and type of hospital. Some
limitations need to be mentioned. First, the study setting was
limited to Dar Es Salaam, Tanzania, and therefore, health
workers’ perceptions may differ from those working in rural
communities where the m-health system is likely to be used.
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Even though we have used adequate methods for taking into
consideration a small sample size, some of the results need to
be interpreted with caution.

Conclusion

Most health workers were positive toward using a smart-
phone app for burn consultations and referrals. Participants
thought that the app would be useful and believed it would
be easy to use.

Social influence was correlated with positive attitudes, and
this correlation was stronger for women. However, the main
barriers to utilization included access to internet, smart-
phones, and technical support. Since this study focused on
acceptability before using the app, it is important to conduct
further studies once the system has been implemented to as-
sess the actual acceptance of the app. Further studies should
also identify key users such as a head nurse who can en-
courage use, and also assist with the introduction and ongo-
ing usage.
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